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ABSTRACT
We investigate stone drill point production, use, mainte-
nance, and discard from a technological perspective at
the Late Neolithic workshop of Bai Ben on Cat Ba Island,
Northeastern Vietnam. Bai Ben contains over 18,000 re-
touched chert flakes classified as drill points and dating
to c. 3000BP. Large scale production of drills most likely
took place for reasons of mass production of drilled or-
ganic and inorganic objects. Few such drilled objects are
found at the site, perhaps due to poor organic preserva-
tion or removal of finished objects for trade and ex-
change. An analysis of attributes on drills and cores ex-
amines the time-ordering of dimensional and morpholog-
ical changes as reduction continued at the site. The re-
search finds that drills were produced from a diverse
range of nodules sizes, blanks, core technologies and raw
materials, but similar blanks were selected to produce
very similar drill point forms.
INTRODUCTION
One of the most interesting and attractive discoveries of
Vietnamese archaeology in 1999 was a very large lithic
artefact assemblage of more than 18,000 finished and
unfinished chert drill points, over 200,000 flakes and deb-
itage, and about 265 cores unearthed from a late Neolithic
workshop site of Bai Ben, dated at over 3000 BP (Dong
2000) (Figures 1 and 2). The quantity of lithic artefacts
indicates that this is unambiguously a workshop specialis-
ing in drill point manufacture. Although bored or drilled
products are uncommon at Bai Ben, and no studies of use-
wear or residues have yet been undertaken, morphological
comparisons and observations between the Bai Ben drills
and those known from California (Arnold, 1987), Missis-
sippi (Yerkes, 1983), Turkey (Calley & Grace, 1988),
Israel (Rosen, 1995), Iran (Piperno, 1973), Papua New
Guinea (Allen, Holdaway, & Fullagar, 1997) and Vietnam
(Dung, 1996) show close similarity in form and edge
damage patterns (Dong, 2008a), suggesting these are in-
deed points used for drilling through hard materials.
Functional issues aside, this paper aims only to ad-
dress the question of how these chert drill points were
made as well as the over-arching organisation of lithic
technology at the site. We therefore investigate how raw
materials were acquired, how flakes were detached from
cores, what criteria were employed for drill blank selec-
tion, and how drills were made and discarded. We first
present the conceptual framework and the methodology
employed, followed by a review of some key features of
the Bai Ben site. We then explore core reduction at the
site and the reduction sequence for the drills themselves.
The Site of Bai Ben
Bai Ben site is located on the north-eastern Vietnamese
coast in a karstic landscape covered by the Holocene ma-
rine transgression (Thanh, 1998). The archaeological rec-
ord of this maritime region can be traced back to at least
the late Pleistocene. The earliest known Soi Nhu culture
lasted from the Upper Paleolithic to Early Neolithic
(about 25,000 to 7,000 years ago), followed by the Middle
Neolithic culture of Cai Beo (roughly 7,000 to 5,000 BP),
and finally by the Late Neolithic culture of Ha Long
(from about 5,000 to 3,000 BP) to which the Bai Ben site
belongs (Nga & Hao, 1998). This cultural sequence cre-
ates a continuous record of cultural change in the area.
Figure 1: The location and site plan of Bai Ben.
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Figure 2: Flaked artefact types found at Bai Ben. A: drills made
on flakes, B: drills made on small bipolar cores, C: freehand
cores, D: bipolar cores; E: flakes from freehand cores, F: mi-
croblades from freehand and bipolar cores.
Bai Ben itself is located in the south-western corner of
Cat Ba Island within Ha Long Bay and about 50km from
the mainland. Ha Long Bay is a well-known region and is
recognised as a UNESCO World Natural Heritage area
(Figure 3). Bai Ben is an open site, close to the sea, situ-
ated on a relatively large and flat sandbank in the wind-
protected area of Cat Ba Island - a place long used for
both mooring boats and fishing. The site is estimated to
have once been some 5000 m2 in area, but much of it has
been destroyed by human activities such as war memorial
statue construction, house building, road making, and
sand mining (Figure 2). An area of 142.5m2 has been so
far excavated over two seasons in 1999 and 2001. Exca-
vations at Bai Ben have consistently yielded a single cul-
tural layer of about 80cm in thickness (Figure 3).
Figure 3: The stratigraphy of Bai Ben site.
Sand is the primary component of the deposit. This
occupational layer has been disturbed in some places by
the activities of the local cemetery. However, stratigraph-
ic disturbance occurs only from the surface down to a
depth of about 60cm. From 80cm downward, the stratig-
raphy is intact (Dung, Buong, Phuong, & Dong, 2001).
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The Bai Ben site sits within the Late Neolithic period
of the ‘Ha Long Culture’ that is recognised by the pres-
ence of diagnostic ground shoulder and/or stepped ax-
es/adzes and pottery. Several C14 dates obtained frommollusc shells provide ages consistent with a late Neolith-
ic association and demonstrate the likely short period of
accumulation of most cultural materials at the site (Table
1).
Table 1: 14C ages for the Bai Ben site.
Relative Date 14C dates Strata
Late Neolithic
3180±55 BP (HNK-87) Sterile bottom
3380±55 BP (HNK-91) Sterile bottom
3900±80 BP (HNK-92) Layer 4
3150±55 BP (HNK-86) Layer 4
In addition to the large numbers of drill points, cores,
and flakes, Bai Ben has also yielded a certain number of
ground basalt shouldered and/or stepped or rectangular
axes/adzes, sandstone saw blades, chert ground/flaked
pointed tools, grinding stones, stone hammers, anvils, a
stone spear head, a small number of ornaments including
slate and nephrite beads and bracelet fragments. The site
has also yielded some bronze artefacts such as axes, seals,
coins, and bronze waste dated to later periods.
METHODS
To fulfil the objectives of this study, a technological anal-
ysis was performed on the Bai Ben assemblage, with par-
ticular emphasis on the reconstruction of reduction se-
quences for cores and drills. Three main aspects of the
technological approach are briefly described below, en-
compassing the concept of sequence models, classifica-
tion, and artefact description and attribute selection.
Sequence models are defined by Hiscock (1993:65) as
“a description of the order in which reduction occurs
within one block of stone”, and by Bleed (2001:102) as
“the operation of activities that progress through time”.
Sequence models are a heuristic device that enables de-
scription of the time ordering of manufacturing actions
employed in the reduction of cores and the manufacture
and resharpening of drills. Constructing a reduction se-
quence requires tracking dimensional and morphological
changes over the use life of artefacts by ordering them
according to some measure of reduction intensity. A
number of reduction measures are in current use in lithic
studies, but reduction measures must be carefully chosen
to ensure they are best suited to the material under study.
For drill points we found Clarkson’s Index of Invasive-
ness (2002) the most useful as a measure of scar coverage
and invasiveness across a number of surfaces, from uni-
facial through to complex hexi-facial artefacts. For core
reduction we mostly rely on size and mass as measures of
reduction, acknowledging that these are not ideal
measures of reduction (see Clarkson in press).
A number of attributes that are sensitive to the effects
of reduction were chosen for analysis on flakes, cores and
drill points. Size variables include length, width, thick-
ness, and weight. Technological variables include those
related to the striking platform, dorsal/negative surfaces,
and cortex. The analysed sample from Bai Ben consisted
of 757 cores, 510 flakes and 806 drill points. We begin
our analysis with consideration of the procurement and
differential treatment of raw materials at the site.
RESULTS
Raw Material Procurement
The identification of the origin and type of stone materials
used at Bai Ben plays an important role in understanding
the human behaviour in tool manufacture, use, mainte-
nance, and discard. Stone artefacts found at Bai Ben are
predominantly made from two raw materials, chert and
quartz, with chert being the dominant material. While no
specialist sourcing analysis has so far been undertaken for
Bai Ben cherts, geological literature documents the occur-
rence of chert as interbedded inclusions within local lime-
stone formations (Thanh 1998:26-27). The chert materials
from Bai Ben exhibit a wide range of forms and cortex
types indicative of materials being obtained from a variety
of landscape settings. The local availability of chert was
probably a key factor driving the use of Bai Ben as a drill
production workshop.
Core Reduction and the Organisation of Flake Produc-
tion
The purpose of the study of core reduction is to identify
the strategies by which appropriate flakes were generated
from a variety of raw material and core types. Three types
of cores are present in the Bai Ben assemblage, these are
freehand, bipolar, and pressure cores. All three kinds were
used to produce blanks suitable for drill point production
(Dong, 2000; 2001; 2006; 2007; 2008a; 2008b; 2008c;
2008d; Dong et al. 2000). A question arises as to whether
these reduction strategies, particularly the freehand and
bipolar, are separate and independent reduction strategies
or represent stages in a single reduction continuum. If
core types represent different stages in a reduction se-
quence, then the dimensions of cores and flakes should be
significantly different. The tables below present compari-
sons of the dimensions between bipolar and freehand
cores, and between bipolar and pressure flaked cores.
A total number of 661 freehand and bipolar cores and
56 bipolar and pressure ones, which are all unbroken and
made on chert, are included in this comparison. It is noted
that 28 bipolar cores in this test sample are of smallest
weight with a view to keeping their values normally dis-
tributed and closest to pressure ones’ values. T-test results
shown in Tables 2 and 3 indicate that the difference in all
artefact dimensions between freehand and bipolar cores,
and between bipolar and pressure flaked bipolar cores are
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Table 2: Dimensional comparisons between freehand and bipolar cores
Core Types N Mean Std. Deviation t-value df p
Weight (g) Bipolar 521 3.93 7.12559 -26.972 659 .000
Freehand 140 54.42 40.53709
Length (cm) Bipolar 521 1.79 0.73503 -22.793 659 .000
Freehand 140 3.81 1.43805
Width (cm) Bipolar 521 1.26 0.64049 -29.730 659 .000
Freehand 140 3.46 1.15778
Thickness (cm) Bipolar 521 0.77 0.46594 -26.900 695 .000
Freehand 140 2.32 0.96228
Table 3: Dimensional comparisons between bipolar and pressure flaked cores
Cores Types Mean N Std. Deviation t-value df p
Weight (g) Pressure 0.15 28 0.05588 -7.853 27 .000
Bipolar 1.39 28 0.83724
Length (cm) Pressure 0.93 28 0.16079 -10.738 27 .000
Bipolar 1.54 28 0.30747
Width (cm) Pressure 0.38 28 0.07900 -12.988 27 .000
Bipolar 1.10 28 0.29190
Thickness (cm) Pressure 0.32 28 0.05711 -7.893 27 .000
Bipolar 0.60 28 0.15640
(Note: only including bipolar cores with smallest weight to prevent outliers and to be close to the pressure flaked
cores’ values)
significant. The diminishing but overlapping size of free
hand, bipolar, and pressure flaked cores can be seen in
Figure 4 and indicate that these modes of core reduction
could represent different stages in a single technological
chain at Bai Ben, with freehand cores representing initial
reduction and pressure flaked cores the final stage in the
technological sequence. However, it is also possible that
cores could have begun reduction using any one of these
strategies. This might occur when different sized nodules
required different reduction techniques to effectively pro-
duce flakes. When nodules are very small, for instance,
people may have begun reduction using bipolar methods.
This is demonstrated by the fact that at least three bipolar
cores retain a considerable amount of cortex (41-70%)
and the original pebbles are small in size, which are illus-
trated as three bold dashes located at the end of the graph
(Figure 5).
If all cores represent stages along a single reduction
continuum, then more reduced cores should be smaller
than less reduced ones. This might be measured as an
increasing numbers of flake scars, an increasing number
of striking platforms and less remaining cortex as reduc-
tion intensifies. In fact, both freehand and bipolar cores
show quite the opposite pattern (Figures 6 and 7) in that
the more highly reduced cores (i.e., greater numbers of
flake scar, volume, platforms and cortex percentage) are
not dimensionally smaller, but significantly larger than
less reduced ones. This pattern might be explained in
terms of raw material selection, initial size and availabil-
ity.
Varying sizes of raw material introduced into the site
could have contributed considerably to the pattern seen in
core morphologies and dimensions. Figure 8 shows that
very small freehand and bipolar cores can have very large
amounts of cortex. This may have caused people to have
initiated core reduction using the bipolar method on small
pieces of raw material. Furthermore, there is evidence of
strategy switching from freehand to bipolar reduction
(Figure 9). Freehand cores overlap with bipolar cores at
the smaller end of the mass continuum, indicating that
freehand cores could have switched to bipolar cores once
they fell below 100g. This suggests that large freehand
cores might continue to be reduced as freehand cores until
they were discarded, or they may swap to bipolar reduc-
tion below about 100g. Bipolar cores may start out either
as small nodules or as larger freehand cores (Figure 11).
Mean values of two flake assemblages that are com-
plete, made on chert and evident with striking platform,
consisting of 6 bipolar flakes identified as those with
crushed termination and 45 freehand ones identified as
those with non-crushed termination offers support for the
core reduction sequence described above, with bipolar
flakes being significantly lighter than freehand flakes
(Table 4).
In short, the whole core reduction/flake production
process at Bai Ben can be described using the continuum
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Figure 4: The overlapping values of length for freehand, bipo-
lar, and pressure flaked cores at Bai Ben.
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Figure 5: Boxplot of cortex percentage and mass for bipolar
cores showing three small cores (the single lines at the right
hand end of the graph) with 41-70% cortex remaining.
6a: (df = 5; F = 17.940; p = .000)
6b: (df = 5; F = 61.753; p = .000)
6c: (df = 5; F = 940.666; p = .000)
6d: (df = 5; F = 48.216; p = .000)
Figures 6a-d: Measures of reduction intensity by mass group for
freehand cores.
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7a: (df = 7; F = 4.123; p = <0.0005)
7b: (df = 7; F = 3.129; p = .003)
7c: (df = 7; F = 4.096; p = <0.0005)
7d: (df = 7; F = 790.666; <0.0005)
Figures 7a-d: Measures of reduction intensity by mass group for
bipolar cores.
8a
8b
Figure 8: Boxplot of changing cortex percentage as a function
of mass. A: freehand cores, B: bipolar cores.
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Figure 9: Log mass by cortex group for both freehand and bipo-
lar cores.
Figure 10: Proposed model of reduction sequences for core
assemblage with various raw material sizes and discard behav-
iour.
Table 4: Comparison mean weight for chert bipolar and free-
hand flakes.
Crushed Termination N
Mean
mass
(g)
Std. Deviation
Freehand 45 4.89 11.24589
Bipolar 6 .49 0.16923
model presented in Figures 11. This model also includes
discard behaviour in accordance with size and technology
and indicates blank sources for drill production that en-
compasses freehand flakes, bipolar flakes, and small bipo-
lar cores.
Blank Selection
Identifying criteria for selection for retouching into drill
points involves comparing attributes of unretouched and
lightly retouched flakes (most of which are not incon-
sistent with early stage drill points) to determine different
morphological characteristics and hence the likely popula-
tion of flakes selected for retouch (Clarkson 2007; Fish
1981; Dibble 1995:108). For this purpose we compared a
range of dimensional, shape and dorsal scar characteris-
tics as well as the proportion of freehand versus bipolar
flakes for unretouched and lightly retouched flakes. Only
complete chert flakes were included in the analysis, and
only retouched flakes with less than four retouched seg-
ments were selected in order to ensure that flakes were
not so heavily retouched as to obscure dorsal and dimen-
sional characteristics. This selection process resulted in a
population of 417 unretouched flakes and 29 retouched
flakes.
Size
Figure 12 shows the results of size comparisons between
unretouched and lightly retouched flakes. It is clear from
these graphs that short, narrow flakes were preferentially
selected for drill point manufacture from a pool of much
larger flakes, with desirable lengths ranging from 6.5 to
17.3mm and widths ranging from 2.6 to 6.8mm.
Shape
Comparison of shape indices for unretouched and lightly
retouched flakes shown in the scatter plots in Figure 13
also indicate that flakes selected for drill point manufac-
ture meet tight selection criteria. Early stage drill points
are more or less parallel-sided with a mean elongation
(length/width) of 2.5 versus 1.5 for unretouched flakes, a
longitudinal cross section (length/thickness) of 4.4 versus
6.0 for unretouched flakes, and a transverse cross section
ratio of 1.8 for retouched flakes, as opposed to 4.3 of un-
retouched flakes. Overall we can see that flakes chosen
for drill point manufacture were elongate, parallel-sided,
and thick relative to length and width.
Dorsal Scar Characteristics
Figure 14 compares the dorsal scar characteristics of un-
retouched and lightly retouched flakes. Flakes with dorsal
surfaces obscured by retouch were recorded as undiagnos-
tic. Comparison shows that the frequency of non-
diagnostic surfaces and uni-directional flaking is high,
whereas those of bi- directional and multi-directional scar
orientations are very low, suggesting that while the im-
pact of retouching on scar patterns is significant, uni-
directional scar orientation were most commonly selected
for retouching among both freehand and bipolar popula-
tions. The differences between uni-directional and other
dorsal scar patterns are significant (Table 5).
Proportion of Freehand vs Bipolar Flakes
It is also possible to examine whether freehand or bipolar
flakes were more commonly selected for drill point manu-
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Dorsal Scar Orientation Total
Non-Diagnostic Uni-Directional Bi-Directional Multi-Directional
Freehand 273 140 15 4 432
% 63.2% 32.4% 3.5% 0.9% 100%
Bipolar 34 138 23 2 197
% 17.3% 70.1% 11.7% 1.0% 100%
Total 307 278 38 6 629
(χ2 = 116.954; p = .000)
Table 5: Frequencies of retouched flakes according to dorsal scar orientation and flake types.
Figure 11: Reduction continuum model of core transformation at Bai Ben based on size, technology, and discard behaviour. Blank
sources for drill manufacture are also indicated
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Figure 12: Mean comparisons of the distribution of size values
for lightly retouched and unretouched flakes for length (A),
width (B), and thickness (C).
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Figure 13: Variation in shape for lightly retouched flakes in
comparison with unretouched flakes. A, Margin expansion ratio
against longitudinal cross section; B, Longitudinal cross section
plotted against elongation; C, Cross section plotted against
elongation; D, Margin expansion ratio plotted against elonga-
tion; E, Marginal expansion ratio plotted against cross section.
facture. It can be seen that while around 55% of freehand
flake are selected for retouch, about 72% of bipolar flakes
are selected (Table 6). This therefore indicates that bipo-
lar flakes were more commonly selected for drill point
manufacture than freehand flakes.
Table 6: Frequencies of freehand and bipolar flakes selected
from early stage drill point manufacture.
Flake Types Retouched Unretouched Total
Freehand 432 341 773
% 55.89 54.11 100
Bipolar 197 76 273
% 72.16 27.84 100
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Figure 14: Frequencies of negative scar orientation for un-
retouched and retouched flakes
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Figure 15: Mean plots of weight (A), retouched flake volume
(B), and thickness (C) against retouched segment group.
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16a: (df = 4; F = 12.228; p = <0.0005)
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16c: (df = 4; F = 82.919; p = <0.0005)
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Figure 16: Morphological changes as a function of increasing
retouch segment groups, A, dorsal scar number; B, longitudinal
ridge number; C, retouched edge number; D, retouched face
number; E, retouched edge angle.
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Table 7: Mass comparison between freehand and bipolar retouched flake assemblage.
N Mean Std. Deviation t-value df p
Flake Weight (g) Freehand 432 0.13 0.08209 -1.434 627 0.152
Bipolar 197 0.14 0.08446
Bipolar reduction methods often generate elongate
flakes with thick cross section, and uni- and bi-directional
scar orientations, and bipolar flakes were therefore more
commonly selected for drill point manufacture, even
though bipolar flakes make up a smaller proportion of the
overall assemblage. There is no statistical difference in
the mass of freehand and bipolar retouched flakes, sug-
gesting that flakes of equal size could be and were select-
ed from both populations of flakes (Table 7).
In sum, the comparative analyses between lightly re-
touched and unretouched flake populations revealed that
tight size and shape criteria were applied in drill blank
selection and that selection rested on a number of criteria
relating to flake size, shape, and dorsal morphology. It
was found that flakes which are elongate and thicker rela-
tive to width with unidirectional dorsal flake scar orienta-
tions were preferred to flakes that are elongate and thin
for retouching into drills. Flakes that possess these char-
acteristics were more often produced by bipolar than free-
hand percussion and these were chosen preferentially de-
spite being less common at the site.
Drill Production
In this section we explore the reduction sequence for re-
touched drill points in terms of changes to flake dimen-
sions, shape and retouch location. Given the nature of
lithic reductive technology, it is hypothesized that if all
drills in the assemblage represent points or stages along a
single reduction trajectory, more reduced drills would be
smaller than less worked ones, given similar sized blanks
to begin with. It can be seen from Figure 15 that overall
mean mass and volume of retouched flakes reduces dra-
matically in the early part of the reduction sequence as
new segments are retouched. However, it can also been
seen from this figure that mean mass and volume increase
again as more segments are retouched. Thickness on the
other hand increases steadily as more segments are re-
touched. We can therefore surmise that thin drill points
must steadily drop out of the population as drills are pro-
gressively retouched, with only the thicker drill points
continuing to later stages of reduction.
More heavily retouched drills should exhibit fewer
dorsal scars, longitudinal ridges, a greater number of re-
touched faces and edges, and increasing final retouched
edge angle as reduction progresses. Indeed, such altera-
tions to flake morphology are evident as the number of
retouched segments increases, as seen in Figure 16, and
all correlations between variables are highly significant.
In other words, increasing retouch intensity resulted in
progressively erasing flake scars and ridges that previous-
ly existed on the dorsal surfaces of specimens, and at the
same time added retouched scars on multiple faces and
edges.
Discard Criteria
The changes noted above in flake thickness as retouch
progresses indicate that drills of different morphologies
were discarded at different stages of reduction. To explore
which criteria might have driven the discard of drills, it is
necessary to first find out at what degree of retouch drills
were most frequently discarded. Based on this result, it
will be possible to explore whether certain variables such
as high final retouched edge angles might have been im-
portant reasons for discard.
16151413121110987654321
Retouched Segment Number
120
100
80
60
40
20
0
Fre
qu
en
cy
Figure 17: Frequency of retouched segment number.
Table 8: Descriptive statistics for retouched segment number
N Valid/Missing 629/0
Mean 7.42
Std. Deviation 2.556
Skewness 0.098
Std. Error of Skewness 0.097
Range 15
Minimum 1
Maximum 16
Table 8 and Figure 17 provide the central tendency
and the distribution of retouched segment number for 629
drill points. We see that the retouched segment population
is normally distributed and only slightly skewed, with the
mean falling between 7 and 8 retouched segments. This
means that 68% of the drill assemblage falls between 5
and 10 retouched segments. In other words, the majority
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of drills were discarded at only moderate stages of reduc-
tion. This corresponds to the discard of thin blanks that
were not taken on to higher levels of reduction. Drill
points that were discarded at high levels of reduction were
only those with thick cross-sections capable of withstand-
ing high levels of retouch without breaking.
Retouched edge angle appears to be another important
criterion in drill-point discard. The mean edge angle of
drill points at discard is 86.7 ± 6.3degrees, meaning that
68% of all drill points have very steep retouched edge
angles that lie within about 80 and 93 degrees (Table 9,
Figure 18).
Table 9: Descriptive statistics for retouched edge angle for all
cases.
N Valid/Missing 532/97
Mean 86.73
Std. Deviation 6.313
Skewness -1.111
Std. Error of Skewness 0.106
Range 52
Minimum 58
Maximum 110
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Figure 18: Boxplot and mean plot of retouched edge angle
along the retouched segment scale, and histograms of retouched
edge angles for all cases.
This high angle criterion for discard might also ex-
plain why a certain number of specimens were discarded
at early stages of reduction (i.e., 1-3 retouched segments),
having already attained these high edge angles, irrespec-
tive of the remaining mass of each specimen and hence
their remaining ‘reduction potential’ (Hiscock, 2006;
Kuhn, 1990). Why steep edge angles should result in dis-
card is unclear at present, but presumably has to do with
drill-point function and most likely the inability to further
resharpen points once they obtain obtuse edge angles.
The proposed reduction model for drills is depicted in
Figure 19.
Figure 19: Reduction model for drill production at Bai Ben.
SUMMARY OF TECHNOLOGICAL BEHAVIOUR AT
BAI BEN
In order to manufacture drill points, Bai Ben residents
went to obtain stone raw materials from nearby areas and
brought them back to the site. The raw material sources,
which are predominantly chert, are readily available in the
local region such as in the streambed or on the land sur-
face, and procurement was therefore not very difficult.
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The task could have been undertaken as an embedded
activity within existing subsistence schedules or as direct
procurement involving specialised trips to stone sources.
Chert was apparently selected on the basis of its quality
rather than size or form. Chert nodule size and form are
hugely variable. The nodules were subsequently knapped
to produce usable flakes by employing two reduction
strategies, freehand and bipolar percussion, which existed
both as a technological continuum or as alternatives for
working different sized nodules. It is clear that raw mate-
rial size affected the choice of technology. This factor was
also found to influence the length of reduction sequences.
That is, smaller raw materials would result in shorter se-
quences of reduction with a greater likelihood of bipolar
reduction starting early in the reduction sequence, where-
as larger nodules underwent longer reduction sequences
with a greater proportion of the sequence being freehand
percussion. The fact that many cores were discarded
without switching to bipolar flaking regardless of remain-
ing mass presumably reflects raw material availability.
There was clearly no need to economize on raw material
use when fresh nodules were abundant and available
nearby.
Bai Ben inhabitants then selected suitable flake blanks
to make drill points, mostly from the larger pool of un-
retouched flakes as well as from the small bipolar cores
themselves. The chosen blanks are quite similar in size,
usually elongate, thick relative to width, and uni- and/or
bi-directional in scar orientation.
The blanks were retouched primarily to reduce the
width of specimens using pressure flaking, beginning
with one or two edges, and then expanding to three and/or
four edges if need be. The size of blanks appears to have
largely determined the amount of retouch applied. That is,
bigger blanks were usually more heavily retouched than
smaller ones. Artefact width was gradually reduced as a
result of increasing retouch intensity and approached vir-
tually equal dimensions to thickness at the completion of
retouch, which in turn made drills symmetrical in cross-
section, more resilient to breakage and probably better
functioning as drill bits. The drills were normally discard-
ed at moderate retouch intensity, and after having attained
thick cross-sections, elongate shape, parallel margins, and
steep final retouched edge angle. Most of the discarded
drills had attained these characteristics and can likely be
considered finished and desired products.
CONCLUSION
This study of reduction behaviour at the Neolithic drill
point factory of Bai Ben is the first of its kind in Viet-
namese prehistory. We have successfully documented the
process of procurement, core reduction, blank selection
and drill point reduction and discard, building understand-
ing of the fundamental aspects of technological organisa-
tion at the site. The study demonstrates a variable reduc-
tion process aimed at producing highly standardized
products presumably intended for a highly specialised
purpose of drilling shell beads. Further work is required to
better understand the function of Bai Ben drill points and
in particular the relationship between discard criteria and
drill point functionality and further potential for resharp-
ening.
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